Background and Purpose-The association between minor ST-T abnormalities and stroke incidence has not been well elucidated. We sought to examine the relationship between nonspecific minor or major ST-T abnormalities and the incidence of stroke among Japanese men and women. Methods-A 15.4-year prospective study was conducted with 10 741 men and women aged 40 to 69 years in 4 Japanese communities. Electrocardiograms were taken at baseline and were read according to the Minnesota Code. The incidence of stroke was ascertained using systematic surveillance. Results-During the 15.4-year follow-up, 602 strokes (339 ischemic strokes, 129 intracerebral hemorrhages, 80 subarachnoid hemorrhages, and 54 unclassified strokes) occurred. Both men and women with major ST-T abnormalities had approximately 3-fold higher age-adjusted relative risk and 2-fold higher multivariate-adjusted relative risk of total stroke than did those without such abnormalities. Men with minor ST-T abnormalities had a 2.3-fold higher age-adjusted relative risk of total stroke, both ischemic and hemorrhagic, than did those without such abnormalities. After we adjusted further for hypertension category, the relative risk for minor ST-T abnormalities was reduced substantially but remained statistically significant: 1.8 (95% CI, 1.3 to 2.4) for total stroke, 1.9 (95%CI, 1.3 to 2.8) for ischemic stroke, and 1.7 (95% CI, 1.0 to 3.0) for hemorrhagic stroke. For women, however, there was no relation between minor ST-T abnormalities and stroke incidence. Conclusions-Minor ST-T abnormalities have predictive value for the risk of total stroke, both ischemic and hemorrhagic, among middle-aged Japanese men, as do major ST-T abnormalities for both sexes. 
Subjects and Methods

Populations
The populations surveyed included 11 371 men and women aged 40 to 69 years who participated in cardiovascular risk surveys between 1975 and 1980 in a northeast rural community, Ikawa, and in a southwest rural community, Noichi; between 1981 and 1986 in a central rural community, Kyowa; and between 1975 and 1984 in a southwest urban suburb, Yao. The overall participation rate at baseline was 67%.
Persons with a history of stroke (nϭ175) or coronary heart disease (nϭ62) and persons with missing ECG data (nϭ120) were excluded. Because the focus of these analyses was on isolated ST-T abnormalities, 273 other persons were excluded because they had 1 or more of the major ECG abnormalities such as Q-QS wave abnormalities, complete atrioventricular block, complete bundle branch block, and atrial fibrillation at baseline. 9 The remaining data of 10 741 persons (1997 in Ikawa, 2124 in Noichi, 4104 in Kyowa, and 2516 in Yao) were used in the analyses. Subjects were followed up to determine the incidence of stroke by the end of 1997. Persons who moved out of the communities during the follow-up numbered 631 (6%), and 1686 (16%) persons died. They were censored at the date of moving out or the date of death. The average follow-up time was 15.4 years.
Baseline Examination
Standard 12-lead ECG was obtained in supine position. Each record was coded independently using the Minnesota Code (MC) 10 by 2 trained physicians. The codes in agreement were accepted, and disagreements were discussed between the 2 physicians and if necessary, arbitrated by a third experienced physician. 6 The criteria for minor ST-segment depression were either of the following: (1) MC, 4-3 to 4-4; or (2) no ST-J depression as much as 0.5 mm, but downward-or horizontally sloping ST segment and a segment or T-wave nadir at least 0.25 mm below P-R baseline, in any of leads I, II, aVL, or V 2 to V 6 (modified MC, 4-5 8 ). The criteria for minor T-wave abnormality were either of the following: (1) MC, 5-3 to 5-4; or (2) T-wave amplitude positive and T-to R-wave ratio of Ͻ1:10 when R-wave amplitude in the corresponding leads was Ն10.0 mm (modified MC, 5-5 8 ). The criteria for major ST-T abnormalities were either of the following: (1) MC, 4-1 to 4-2 or 5-1 to 5-2; or (2) left ventricular hypertrophy (MC, 3-1 and 4-1 to 4-3 or 5-1 to 5-3).
Cardiovascular disease risk factors were also measured at baseline. Detailed methods of risk factor surveys were described elsewhere. 6 Hypertension was defined as systolic blood pressure (SBP) of Ն160 mm Hg, diastolic blood pressure (DBP) of Ն95 mm Hg, and/or current treatment with antihypertensive medication, while normotension was defined as a SBP of Ͻ140 mm Hg and DBP of Ͻ90 mm Hg. All others were classified as having borderline hypertension.
End Point Determination
Stroke incidence was ascertained by 6 overlapping methods 6, 11 : (1) national insurance claims, (2) reports by local physicians, (3) ambulance records, (4) death certificates, (5) reports by public health nurses and health volunteers, and (6) cardiovascular risk surveys. Determination of type of stroke (ie, intracerebral hemorrhage, subarachnoid hemorrhage, and ischemic stroke) was done primarily by CT/MRI in a standardized way. 12 CT/MRI films were available for 74% of the stroke cases. Stroke cases that were diagnosed clinically but showed no lesion on CT/MRI were regarded as unclassified stroke. Stroke cases without CT/MRI films were classified according to the clinical criteria based on Millikan. 13 
Statistical Analysis
The relative risk of stroke incidence was calculated with reference to the risk of persons without ST-T abnormalities, using the Cox proportional hazards model. Covariates included age (years), body mass index (BMI, kg/m 2 ), hypertension category (normotension, borderline hypertension, and hypertension), quartiles of serum total cholesterol (mmol/L), smoking category, alcohol intake, and glycemia status. Because the relations of minor ST-T abnormalities with the incidence of stroke were similar among the 4 populations sampled, we presented results for the combined cohort.
Results
Among 4205 men (mean age, 52.9 years) and 6536 women (mean age, 52.9 years) followed for 15.4 years, 602 incident strokes occurred. These included 339 ischemic strokes, 209 hemorrhagic strokes (129 intracerebral and 80 subarachnoid hemorrhages), and 54 unclassified strokes. Table 1 shows age-adjusted mean values or proportions of risk characteristics at baseline for incident cases of stroke and for those who remained free of stroke. For men and women, mean values of blood pressure (BP) and BMI, and the prevalence of hypertension and major ST-T abnormalities were higher among subjects with stroke than among subjects without stroke.
The prevalence of major ST-T abnormalities in men and women was 4.2% and 6.4%, respectively. The prevalence of minor ST-T abnormalities in women was 2-fold higher than in men (17.3% versus 8.9%, PϽ0.001). For men and women, mean values of BP, BMI, and serum cholesterol and the prevalence of hypertension were higher among subjects with major or minor ST-T abnormalities than among subjects without such abnormalities ( Table 2) .
As shown in Table 3 , both men and women with major ST-T abnormalities had an approximately 3-fold higher age-adjusted relative risk of total stroke than did those without such abnormalities. Minor ST-T abnormalities were significantly associated with stroke incidence for men, but not for women. The age-adjusted relative risks of total stroke for minor ST-T abnormalities were 2.3 for men and 1.0 for women. Further adjustment for hypertension category reduced the relative risk to 1.8 but it remained statistically significant. Adjustment for other cardiovascular risk factors did not alter the associations materially. 
Discussion
The present prospective study showed a positive relationship between minor ST-T abnormalities and the risk of stroke among Japanese men, but not women. A previous prospective study of 1673 employed middle-aged US men showed that minor ST-T abnormalities were independently associated with increased risk of death due to myocardial infarction, coronary heart disease, cardiovascular diseases, and all causes. 9 Our study provides further evidence that nonspecific minor ST-T abnormalities are an independent risk factor for stroke incidence among men. There was no relationship between minor ST-T abnormalities and the incidence of stroke among women. The prevalence of minor ST-T abnormalities in women was higher than in men, as reported by some previous studies, 1,14 while the incidence of stroke was higher in men than in women. The †Adjusted further for hypertension category, body mass index, smoking category (never, former, and current smokers), alcohol intake, serum total cholesterol levels, and glycemia status (normal, impaired glucose tolerance, and diabetes).
incident rates of stroke for 1000 person-years among men and women were 4.3 and 2.7, respectively (PϽ0.01). Therefore, women may be more likely to have minor ST-T abnormalities as a normal physiological variant.
In this study, the relative risk of total stroke associated with minor ST-T abnormalities was substantially reduced when hypertension category was taken into account. When we further analyzed using continuous value of SBP and current treatment with antihypertensive medication instead of hypertension category, the adjusted relative risk of total stroke was similarly reduced to 1.7 (95% CI, 1.3 to 2.4). Furthermore, hypertensive men with minor ST-T abnormalities tended to have longer durations of hypertension than did those with normal ST-T; the age-adjusted mean duration of hypertension was 3.7 years among men with minor ST-T abnormalities and 2.1 years among those without ST-T abnormalities (difference: PϽ0.001). Thus, minor ST-T abnormalities may reflect an end organ effect of long-term hypertension, a strong risk factor for stroke.
Limitations of the present study warrant discussion. We analyzed the relationship between minor ST-T abnormalities and stroke incidence using a single ECG at baseline. This approach may underestimate the association because the presence of minor ST-T abnormalities has been reported to vary over time. 9 In our study, ECGs were obtained for 74% of the subjects again at follow-up examination (range, 2.1 to 7.3 years; mean 5.2 years after the baseline). At the follow-up examination, 46% of minor ST-T abnormalities at baseline had become into normal ST-T, 45% remained, and 9% changed to major ST-T abnormalities. Age-adjusted relative risks of total stroke tended to be higher for men with 2 recorded occurrences of minor ST-T abnormalities than for men with 1 recorded occurrence: 2.3 (95% CI, 1.5 to 3.7) versus 1.9 (95% CI, 1.3 to 2.7), respectively, consistent with the results of the Chicago Western Electric Study. 9 In conclusion, minor ST-T abnormalities predict increased risk of total stroke, including both ischemic and hemorrhagic stroke, among middle-aged Japanese men. Men with minor ST-T abnormalities as well as major abnormalities may need intensive medical care, especially blood pressure control, for the prevention of stroke.
